HPO blend. 7 In other countries, some other disinfectants are approved for use, including chlorine dioxide (ClO2), peroxygen compounds, quaternary ammonium, and ozonated water.
Recently, the Korean public's concern over endoscope-mediated nosocomial infection has escalated after several reports of imperfect cleaning of endoscopes between patients, leading to increased social interest in safe and efficient GI endoscopy. As proper endoscope reprocessing became imperative, thorough education and instruction became important for medical professionals working in the endoscopy suite. In 2012, the Korean Society of Gastrointestinal Endoscopy revised its disinfection guidelines for reprocessing endoscopes and published the new protocol, which included the appropriate disinfectants. 8 Herein, we will briefly discuss several disinfectants commonly used in Korea in terms of their uses, potency, advantages, and disadvantages.
CHEMICALS AND DISINFECTANTS IN USE GA: Cidex, Wydex

Characteristics
GA is the most commonly used disinfectant worldwide. 9 GA performs best via activation when diluted as a 2% (range, 2.4 to 3.5) solution of pH 7.5 to 8.5 by addition of a buffer solution (e.g., sodium bicarbonate, sodium phosphate), since GA is an unstable acid in its crude liquid form. High level disinfection is feasible with 20 minutes of exposure at 20°C in a 2% GA solution without surfactant. 10 The advantages of GA are that it is an inexpensive, efficient disinfectant with minimal damage to endoscopic apparatuses. 11 Currently available solution is stable for a long time, and it can be used repeatedly for as long as 14 days. In Korea, Cidex (Johnson and Johnson Medical, Seoul, Korea) and Widex (Dongindang Pharmaceutical Co., Ltd., Siheung, Korea) are representative products on the market.
Limitations and cautions
The main limitation of GA compared with other disinfectants is its relatively lengthy immersion time (around 20 minutes; 45 minutes for Mycobacterium and 6 to 10 hours for spores) at 25°C. 12 Protein coagulation in the endoscope is another major disadvantage, as GA may accumulate or clog the working channel of the endoscope in the presence of blood or other debris, consequently reducing the disinfection efficiency.
GA may cause serious irritation 13, 14 to the eyes or respiratory mucosa, and can cause allergic reactions of the skin, nose, ear, and pharynx; bronchial asthma and rhinitis have also been reported following GA exposure. Improper rinsing of GA after disinfection can be harmful to the next patient, incurring abdominal pain and other symptoms of gastroenteritis. [15] [16] [17] In terms of the limit in the number of use, dilution of the GA solution (under 2%) for repeated use may lead to decreased effectiveness.
Instructions
Prior to disinfection, endoscopes should be thoroughly cleaned to remove all organic materials and proteins that may cause coagulation and deposition. After mixing, the solution should be discarded after 14 days to prevent ineffective disinfection.
All personnel handling this chemical must be protected by long gloves, a mask, goggles, and an apron or gown. 18 The reprocessing area must be well-ventilated to avoid inhalation of vapors, 19 and irrigation stations must be readily available for possible contact with the skin or eyes.
OPA: Cidex-OPA
Characteristics
OPA is also an aldehyde disinfectant, containing an aromatic aldehyde. This chemical overcomes several shortcomings of GA, and therefore shows superior reactivity. 20, 21 OPA does not require activation by dilution with buffer solution, but can be used directly from the container. Similar to GA, organic debris left in the endoscope can form a residue, but this is easily washed away upon irrigation. Immersion time for disinfection is shorter than GA at only 5 minutes. As it has less vaporizing activity and less toxicity, OPA is safer for reprocessing personnel.
Limitations and cautions
OPA is generally more costly than GA, and may permanently stain skin or clothing black. Although OPA can be used for as long as 14 consecutive days, an exclusive test strip is needed for verification. OPA can also be an irritant for workers involved in endoscope treatment. 22 
Instructions
Reprocessing staff should wear protective garments, mask, goggles, and gloves; proper ventilation of the reprocessing room is also recommended. Contact with skin and clothing is discouraged.
PAA/HPO: PeraSafe, Acecide, Scotelin
Characteristics
PAA is a less toxic, more powerful, and more rapidly disinfecting agent compared to GA and OPA. Additional oxygen is added to one acetic acid molecule (CH3COOH) to form PAA, which produces nascent oxygen when mixed with water, conferring the disinfection properties. An acidic environment is preferred for PAA stability, but this may corrode the metallic components of endoscopes. Thus, a buffer and metal protecting solution are added when PAA is used as a disinfectant.
PAA acts through various mechanisms of decontamination with a lower possibility of resistance generation, as compared with GA. It denatures proteins, inhibits cell transport, inactivates essential metabolic enzymes, degrades cell membranes, and denatures nucleic acids. 23 PAA also leaves no protein coagulation or precipitation on endoscopes. The shorter time required for disinfection (5 minutes for bacteria and 10 minutes for tubercle bacilli) is another advantage of PAA.
However, HPO acts by producing free hydroxyl radicals, which denature cell walls and bacterial enzymes. 24 The working concentration varies from 3% to 25%. PAA and HPO are good decontaminants when used alone, but a synergistic effect can be achieved when they are mixed. PeraSafe (Antec International Ltd., Sudbury, UK), Scotelin (KR&D, Busan, Korea), and Acecide (Saraya Co., Ltd., Osaka, Japan) are the representative blended products sold in Korea.
Limitations and cautions
The most significant limitation of PAA is its price. In addition, the acidity of PAA may corrode endoscopes (especially metallic parts). As it is unstable after activation, some PAA products cannot be used after 24 hours. Low water temperature and high pH may lower the efficacy of some PAA products; 35°C of water is needed for optimal disinfection. As manual disinfection is impossible, an automated washer is required.
Instructions
Inhalation of the powder form of PeraSafe must be avoided during handling, and as its acidic odor is unpleasant, a mask is recommended. Immersion time of endoscopes must be kept in mind, as increased soaking time may damage the instrument.
EAW: Medilox, Sterilox, Cleantop WM-S
Characteristics
Electrolysis of weak (0.5%) NaCl solution with tap water produces hydrogen ions (H + ), hypochlorous acid (HClO), and chlorine (Cl2). The latter two elements (Cl2 and HClO) confer the disinfectant properties, denaturing nucleic acids, and inactivating enzymes. The disinfectant converts into water when exposed to light or ambient air, leaving behind no harmful side products, giving EAW a very low irritability and toxicity. Immersion time is about 7 minutes, shorter than other disinfectants. The maintenance costs are significantly lower due to the use of tap water and NaCl. A low probability of resistance is an added benefit of EAW.
EAWs are subdivided into strongly acidic, weakly acidic, weakly alkaline, and strongly alkaline solutions. 25 Strong acidity leads to increased disinfection potency, but this accompanies increased metal corrosion and toxic Cl2 gas production. Medilox (Soosan E&C Co., Ltd., Seongnam, Korea) is a disinfectant with a pH of 5.0 to 7.0, while Cleantop WM-1 (Kaigen, Osaka, Japan) produces a disinfectant liquid with a pH of 2.5±0.2. 26 Weakly acidic EAW with a pH value of 5.0 to 6.0 has a higher HClO concentration, making it a more suitable disinfectant.
27,28
Limitations and cautions
The shelf life is relatively short at about 24 hours. EAW is vulnerable to ambient air exposure with the possibility of toxic Cl2 gas production, is weakly effective against tubercle bacilli, 27 and is likely to desiccate endoscopes on prolonged immersion. A small quantity of organic compounds left in the endoscope before the disinfection process will decrease the disinfection efficacy. 4 
Instructions
Thorough cleansing to remove organic materials is required before commencing the disinfection procedure to prevent deterioration of disinfecting power. Cl2 should not remain on the endoscope; this can be avoided by meticulous irrigation.
OTHER DISINFECTANTS NOT ACCREDITED FOR ENDOSCOPE REPROCESSING IN KOREA ClO 2 , CDO: Tristel
Free Cl2 ions are generated from this disinfectant, enabling rapid, and wide-ranging disinfection. However, the strong Cl2 dioxide fumes from this substance irritate the human respiratory tract, and can erode endoscopic instruments. 29 Although currently used as a tap water disinfectant in Korea, CDO is not employed in endoscope reprocessing.
Ozonated water: GRW-O301
With its strong acidity, ozonated water is known to have a quick disinfecting action. Tap water is directly transformed into a decontaminant, which results in a low maintenance requirement. However, the disinfection effectiveness of ozonated water has yet to be validated. 27 
Peroxygen compounds: Virkon
This compound kills bacteria and viruses through a mech-anism similar to that of GA, but is relatively ineffective against Mycobacterium spp. and Enterovirus, 24 and may affect certain components of endoscopes. 29 It is not currently registered for use in Korea.
Quarternary ammonium
Because of its low disinfectant potency (not tuberculocidal or sporicidal, poor activity against hydrophilic viruses), 24 this chemical is not recommended for endoscope reprocessing.
Advantages and disadvantages of endoscope disinfectants described above are summarized on Table 1 .
4
CONCLUSIONS
Several factors should be considered when choosing a disinfectant, such as the time required for disinfection, convenience of usage, corrodibility of apparatuses, cost, toxicity to personnel, and requirement of a cleanser machine. The endoscopic suites of each institution differ in terms of capacity, types of endoscopy performed, disinfection facilities and the presence of exclusive reprocessing personnel; these factors are also important in the selection of a disinfectant. In general, most disinfectants are sufficient for reprocessing GI endoscopes if the manufacturer' s instructions on their use and maintenance are followed. Irritation to skin, eyes, and respiratory tract. Acidic odor. Ventilation of reprocessing room is recommended. Material compatibility depends on pH and temperature. Acid-related coagulation of proteins is possible, depending on pH.
EAW
Prompt disinfection and sporicidal activity No irritation to skin, eyes, and respiratory tract Disinfectant produced indefinitely as long as the generator properly operates Deactivation when organic load is present in endoscope. Waste water restriction for chlorine compounds in some countries.
GA, glutaraldehyde; OPA, orthophthalaldehyde; PAA/HPO, peracetic acid/hydrogen peroxide; EAW, electrolyzed acid water.
